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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a conductive thin film exhibiting a high surface flatness, which can control 
stress of a ferroelectric thin film, especially a PZT thin film exhibiting a high surface flatness and an enough 
selfpolarization which is to be formed on a Si single crystal substrate. 

SOLUTION: A film structure is comprised of a substrate having a Si 100 on its surface and an oxide conductive 
thin film formed on the substrate. The oxide conductive thin film is an epitaxial film, whose major constituent is 
strontium lutenite. At least 80% of the surface of the oxide conductive thin film exhibits 10 nm or less of 
average roughness Rz of 10 points in a reference length of 500 nm. A ferroelectric thin film of zircon titanium or 
so is formed on the oxide conductive thin film. 
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2 8^«izib**^t^^o pi^«ta«(Dm 1 (omm 

li, ^Y/^i'^Wffit^W^^P^X*^ hSea<©5* 
>>^Sl*t*:ffiA<, dpv/^V^Wffi^SiKW^P^X* 

#«e^-&, 5i^at4:^-ci*ffiffirti-5lo§iy(6;73^# 
tt^-t+^icDr-fc^o 5iS»<*i-§lo3iyfo;7D^*i:^ 
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B&}£^xmnm<Dft±&mm?*,<»T'&v. ami* 
too3 9] H&tiu=f±s i *mmxisi&mi*tzmnm 

*< (0 0 1 ) IE|S]LTl*&<DI*. MgO (001) E-fc 
iCPt (OOI) I^SMU C<D-tlCBfa{*JI (KT 

ao 3 ) &MtfLLtzme; (fseonmm) tzitx&z. 

[0 0 4 0] 4#M¥8-1 3 92 9 2#^IZ 

as-r -a mm *<ie« $ *tT ^ 

[004 1 ] f^^0)»^ 1 JclBtE^^fcflB^tt, '> 
< £ta®3b<jE:5H&a> (O 0 1) S^fcliJt^S^ 

e<o±iz^ * *itz±wmm t zmmt l fcinis* * *> 

^IZfcLNT. miHpmttW^Jfcro^i'J-SJS^I 5 
<S^aa s «t:A<. 

1. 002iad/a 8 i1. 015 

mtmommtfi 5nm£i±T-&y, ie^+->t^fi 

«(Dpmtt*t^a)c|SfiCet. c<©ciaigcei-*tjs-r 

c fAfi£ l± l%m a Wig C o i: A*. 
Ce/CoS 1.02 

[0042] mtemmWKDmm^'r'ti'Ziz*. m^n<D 
[0043] zo)&?tt&wm#mm$mz>tcify\z. m 

tem-C'l*. S i aM£S®|cff£j£Lfc$&SiJf (^IbS i 

^b1«!i^A't>&-&/*U7'Jf -^P t *A'£>&i>TlflWI'ii: 

(DMl&X&kLXlt. #^ffis i B^it«5M«iSfi*i± 
•STj^t, **\ 7=E^77XS i Jf £S^j£fi£-t»\ 

7--JUcJ:ys i «tE^S<fcy@*gJ$g£ii 
C r migilUb * it $>*& k *<I2» * *tr ix -5„ 



[0 0 4 4] LfrU <om$uz£tiiz. ma 

m.mm<»?j%k&m^x*jmw&<D&W6:s \ mmikm& 

u&mn&mm£mz>zkt><xztj:fritzo fir. 
'j>m<Dm*.i%7 xf&fcZtixi^z cm-&it (ce/co) 

*Jt*<l2«**l.-Cl^<DB:M g Ot?<Ds*(b#l*«*m* 

[0045] p]^a<DH16^J«> HSi *$£ll*t££JB 
^fc»«)W^A<&-S<0l*SS£^J7, 8. 9/£ltT?fc*. 
mmm7X'lt. S i *$Siia;|fi±|Zj?£4OOnm0>T i 
Nl, C<D±ICTSi$R4I£ LTJ1£ 2 0 Onm£>C a 0 .5 
Y0.5T i 0 3 iSML. ^©±l:IJ2 0Om©Ba 
0.5S r 0 .5T i 0 3 K«tt:ffi^^fiELT*>y. 31 

m.max\zmw.wm<j>m-z*: 1 oonmtL-cfcy, * 

fc. 9 T-l*Sm«IS0mfi££ B a 0. 45 L a 0. 05 S 

ro.5T i 03K£ML.Tl^-i>. C+l.P,<7)||J6^J'CI*. # 

-c-a&y. gji-ii7>^7--^i$ffl^fc7 o ou 

1 #m<DT --Jls&fr-otzifcg;. JMMHbLfe* LTl* 

sum £ x tf s * -> -v ^jsss * itx mmmzmsB ma>&m 

&tfLLtz'&, Z*i&7=— ZfS&X-te. ±MLfc5 

[0046] ctDctai-, *mw\*M gO &i&.±<D&m 

Bi*^ffi<DJ£**t)Jffll-r-S^3t5»ft8J<!:l*^cCy, S i 

S«±izfcLxr¥Stta>igi,^b%®BttSIM*ll^ 

•S»»^*s |glc¥fi-'EC!ISIlil<DP^Ri* { #lX^«t: 

y. Ky-f>fltjt£i ^tftx (O o 1 ) #-i£|nlffii: L 

m ^ USt ^ t <D -C *6 ^ o 
[0 0 4 7] 3|s;fgBJIci3txT^b!K!l#mi4^m± 

mmtzk$:Mtfrt-&zk : tx£&o m^ummmmm^ 
[0048] *nmz&yni>ft.%>mMm.m^ m*. 

X'f -v^. OEIC, ^SK^ftJffl-T-S.lH^ft'Ecif 
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[0 0 4 9] 

%>m'mi±mm±izzfri:mLxmtz,tiz>o bit. «-iti 

-5. 

[0 0 5 0] jgjg 

*SES8T?ffli^a«a>*mi;fc. s i msjs.ua> (i oo) 
® #«««h £ & -s * a r=ffl i*3o 
[005 1 ] MMmmitmm 

[0052] HlbWiWttlUitt. /\';u^^<oJ±Sta*< 
1 0-5-1 0-2Qcm1?fc^Ci:A<»$Lt^ ^Jg 
t Lrrottfitat 1 0~5~1 0-2Qcm-efe^)Ci:3!)<Jtf^ 

[0053] Kftti*»1±SIKl*, ie$*v^;Ht 

fcot (001) m— EfiM'C&S. SROtf) (0 O 

i) BB**«*wfr*^i-e. »^u^;uoTffltt*< 

aifll*(«:9in$ (001) ffi|S]7?^SJSfi*1*^C 
<kA<r-#-5. (001) iB[fi]<D^e«i*^ffi«)»ett^ 

[0054] JEtfc. *Ejffl*(=fci\Txe**-S/-wi/K 

<fctt, X*iaSri::j:*ai3e£fTofci:*. 
Bmk?&m&L9Y<D : b<»<DJx.M<Dti—<7&m.tfEmt-r 

-SE^g^tf-^sigroi o%«tf, »*L<r*5%ei 

T-efc-SflgT-fca. «5ltf. (OO 1 ) w-bmh. -r 

( O O L) ffi J*l*KDKI* f— <7 <D§gj£ ( O O L) m 
Ktt<DS*tf-*3&£©1 0%J*lT, »*L<(*5%JU 
TT-fe-5. ftfc. *WIB»l=a3l v C (OOL) I*, (o 

oi) (002) ^©sme^s 

Lfc££. tea*<x«i, Ym&£Vz&*fai~ttizffi 

•^TE(R]LTL>i>j65'SA<fci>. C<D <£ 5 fclEtS]!*. RH 
^■WHSfcl^X.*. RHEEDtl*, KltSji 



UtTjSIUtfr (Reflet ion HighEnergy Electron Diffract 
ion) T?*y, RHEEDSifc-RffiWlfcl+SISS 
«10>ElRl0>fg«T?&3o 

[0055] Bfeib4fe**ttaina. /<977«aiL 

U^^-C^FJST? fe -5 C i tiW£ L L\, 
[0 0 5 6] Sflgttfeiltei*, XRD (XjSS0Sf) (Zfc 
(+SS**tf— ><©P>v + >y*— ?<03M!t<6-^ RHE 
ED|z«fc-5^<7)/^^ — >-r?Wffl-r-5ci:A<7?#-5. * 

f=. affittl*, RHEED«©^h'J-^tt. ££tfA 

[0 0 5 7] BMb1fa**1±*Kti. x*IU#r(=«t* (o 

0 2)m<r>Jx.%H»ay*r^7jj — Zf<D¥mmtf-\. 50 

l\ *fc. AFMI=J:ya!l3g**L*aM*Rz (+£ 
£2£fi£ 5 O O Onm) I*. 1 OnmKHF, #3= 
L<l*5nmJiiT-efc-5o fcfc, 5 £a®ffl£(±. 

mm<r>u * l < (* 8 o %jsi±. * y l < i* 9 o %ei 

±. ^?t>lc»^L<l*9 5%JU-h<©««r-^LTL^S 
Z^OTSLl*. ±IE*ffiffl£l*. Sti&BlcfefeoT 

-e&-5o *^ffl«(=*j^r» jtjg«®«>0ij;ti£8 o%jy. 

±"CRzA<1 OnmKTFTr&a £1*, -tlS<D«fc 5 (- 1 Og 
m&L±& HJ£ Lfc <b: 8 O %l*l±a>®fifrT? R z A< 

1 OnmlilT-efe-Swi^^lft-r-So fcfc, HS^Rz 

JIS B 0610IC^S**tTt^*o 
[0 0 5 8] P-V^i/'S'"* — ^<D#ffi4Sfc*l/Rzfl>T 

*s P-y^>^7J— ^<D#fflitl«)TEffil*. -figl^O. 
7* ISffi, ^ICO. 4° Hfi. ±IHRz<DTSMI*0. 
1 OnmSS-Cfe-So 

[0 0 5 9] ^fc, RHEEDfitfXl-iJ-^fco 

[0060] *&mx'it. mtmmm^mmomss.^ 
±iaa>j: -5 Jtc^T- is*.)i>-e<Dm.ww-mt£.izmti&Mitwi 

[006 1] SROli. S r fcJ:i;R u J^tmftt* 
fey. -DgLlZS r : R u : 0= 1 : 1 : 3t?fey. ^ftl 

»«*iia*fci*iMKEii*A«?F*r*«>-e. Ruiz 

«-r^OO)Jt*l*, ait, 2. 7-3. 38St?fc4„ 
[O O 6 2] *ftHfc£ltTl*ft*«ttttJ*Ml::flll*« 
SROlCfcMt'Sll^JiS r/Ru$F(Sr/Ru)t^"f 

F (Sr/Ru) = O . 9 1 - O . 9 7 
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F(Sr/Ru) = Q. 9 2~0. 9 6 
F(Sr/Ru) = 0. 9 3~0. 9 5 

t?fci>„ IH3~EI5IC. F (Sr/Ru)£2£*-fci:^0>SR 
o»K<z>Sffit4(D^b£jrr. Cftf,0>@l*, ^k!»!l# 

s-r;«^x^— gi6i-^-r 0 c^^wgiA^. f 

(Sr/Ru)«>fflA < 0. 9 4^ifit:¥ffi'EfaMA t #t>*t€»C 
t*<W4. F( Sr /Ru)* < ''J x *t-^rt*fc. *#-T^ 

•SfctoKF(s r /Ru)£-tl5©B if*, OS** 

14* < F (Sr/R U )?t(llt?i. SrfcWRuCtS 

3t3tex&#;tffj£i::<£y sr 

A+M h (Srf-fh) 0>-S|5A<B a, C a*J«fctf#± 
M?c* (S c*«fci;Y**t?) ®*4<ttll:J:« 
S«£ftTlvCt,J:<, B^KRu^h) <B-gp 
#T i fc<fctfZ r £4, 1 «-Cggl£ ftTl*T* 

Jl£LT©te^»©#HiPA<W«g<kfcy, C(0!ilK*ff£ 

S r *5<J:i;RLiA<S&£ftTO-5i§^, ±taLfcF 
(Sr/Ru)^fftt3"^^^^'=l*^ C*ve>0>M&7Csit£S r 
feitfRul:iSLTtx.5. 
[0 0 6 3] ^b%»»tt»Kfl)l*$l*. -flSI-#£L 
< 1*5 0~5 O OnrnUST? lltLTCilf 

[O 0 6 4] Tife^Slg 

S«&lfc4b***1±aURJ:aM(=l*« Tttj*M«ttlt« 
cfc#»*LU. TifejSIBIttl$-lb1«!l#mttjliBli:l*LT 

[0 0 6 5] Tife^mi*. ^n^xa-f h&OtSMtiK 

*$ft£. dd-e, A is* tfBl*#*»'f 

*HBJ-eji, AtLtCa, Ba, Sr, Pb. K» N 
a, L i, LafcJ:yCd^bI«*lfcllEl±, #1: 
BatfcttSrtffiSK, BtLTTi. Zr, Ta 
fc<fctfN bfr£gl£ft*:l ai*Lh, «fSl~T iA<»*L 

[0 0 6 6] Lfc^P^X*^ UMb^lCfcrt-S 

jK?jtA/Bi±« s?£L<i*o. 8~i. 3. *y»* 

L<(*0. 9~1. 2T?fc^„ A/BA<0. 8*iHl?l* 



tt*te©**»**«a*>J!t<tty* *fcA/B*»1. 3 

/B(»iififiejttt s ffi3tx^«f^e>*A^ci:*<-e# 

•5„ ABO3lcfcl+^)O0«a^l*, 3C:|g££ft-5ia> 
T?l*fcl\> 'Sn^XA'f r-*mic<J:oTI;Ju »**«8* 

ifeS©"*?, ABOxl-fcL^T, x<0{1(*2. 7~3. 
3 T*|&.5C Ll\, 

[0 0 6 7] TifeSlffitt, ' 3E*S-Cfc*i:#l* (0 0 
1) *-Efl, -T«:^ft»«*lBi:¥ffl=clB*<*-r= 
Eft Life t.a>-T*fc«C&*t*F$L<. 
I* (i oo) *-E6L -ftjitt&i&mwt Wrlca® 
*<*-l=EfflLfet,a>-Cfc«C&*<«F£L<. ivftio 

£fc, TUfejSffiltS i (10 0) £K£0>ea*ttN1g 
I*, IE;$JI [1 0 0] //S i [0 10] &t=.\tttik 
[0 1 O] //S i [0 10] -CfeSCijiMf^LlV, T 

<Di^St4^lRl±*-t±T, cft££i|i-ElR]l8-tf>it:$* 
->-WHS±: Lr^fig-r-5<0(=3aSWCfcSo TJMMIi 
IWb!lfc««tt»Blt«>»***tt4«A«fC**fc». IS 
Stt<7>ISl*Efb*B#ei!fc?ISiB;JS * t;«SIBt*:»«A<« t> 

ft£o 

[0 06 8] 4»ffligK 

SKI*, *M j*IR <!: &<b«!l^»te&IS £ an tffiSt * 

fcl* eft i: *±Btt1b«s£&M t * x * «t>£ * ft -5. 
[0 0 6 9] Elbrus =9AillJ|jRi*, »<bi?;u=i- 

t?) (=*yse3e<b*ftfcBMbS?;ua=.^A (Sefifls^u 

=1-7) :ia>BE£K(*-&^&i::£ 
y, *0>±l=Btt&ft«TifeEa*Kfl^MrattEEfe 

tt*<j:^fc*>, isst LTteStt<DaiL^s?^b!|^!l#«1±sf 

Kfc <fe tf9im{4c]UI«MV 6 ft <5„ 
[0 0 7 O] ^b^ua-^AJS^OfS^b^l/a-T 
I*. Zri- x R x 02-5 (RI*S cfc.j:U:Y$^t;#±S 
7C*-Cfcy, x = 0~0. 75, 8 = 0~0. SVS) 
•5) TJaft^ft-SlfijScDt^^jff^Lt^ xfc«fctf<5lc 
OL^■Cli, S^-r-So RirLTI*, Pr, Ce, Nd, 
Gd, Tb, Dy, H o SSJitfE r A 1 * ft-5'Xf 

[0071] KfbS^ua-^A^S&llgi*, m-<DteSlH 
|n|^*LTL^wi:A«M^LU. wftl*, «Sx<DteA® 
**r-r-5jSKl=*SL^XI*tfi[*A<#«-r*f=«), -?"<©±<D 
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&mm <d x t° * * v * frtfL&tfiT^m iz & £ t #> -e $> 
$>o #n*Wfri*. iE^rB^tci^^ST'fe^^^i* (o 

0 1 ) *-15fR]^ iLjj&VibZ t £\t (100)*- 

[0 0 7 2] Si (10 0) SfiiSlc, *p|fg ( Z 
M- x R x 0 2 -$) fc£tfT*fejHlg (BaTi 0 3 ) Mil 
&mm£iXX^Z>t£. Cttt>^S^feH^I*. Ba 
TiO 3 (001) //Z r 1- X R X 0 2 -S (001) //S 

1 (100), ^OBaTiO 3 [l00]//Zri- x R 
x 02-« [10 0]//S1 CO 1 0] V&Z^ttim^ 

t * 1 I* 5 & X- 1 1 m *§ X £ o 

[0 0 7 3] YBCO<*:^CDtjt*^J^e>(DS*6-ei*. 

(001) IEIrKDB a T i O3X tf£ * V-V^^#«fc 
-ZOm&JjtfLMmit. BaTiO 3 (00 
1 ) //Z r 1- x R x 0 2 -<5 (OOD//SI (10 0). 
frOB a T i O3 [1 1 O] //Z r i- x R x C>2-<$ Cl O 
0] //S i [0 10] fcftlj, BaTiOaMtitt? 
IS. Zri- x R x O2-50)ffi^ltcI«t4 5 o [e] 

e Ltis^i^^^rx t? $ * v-v^j^fi-r 3 tit 
5^r B ^n^(i«^sitr*fey. b a t i o 3 (o 

0 1 ) //Z r 1- X R X 0 2 -S (001) //S i (10 
0) . frOB a T i 0 3 [1 0 0] //Z r ^xRxOa-d 

[100] //si [o 1 o] <Dmmxm&*imxibz>zL 

[OO 7 4] attl<D*&^£»l*. Zr 1 - x R x 02-51t* 
1*0. 5 2t*fcU, BaTiO 3 ltl*0. 4 0t*fc5 

4 5° S^Bfiltffifl^tSBaTiO 
3 [1 1 0] //Z r 1- X R X 0 2 -S [1 0 0] //S i [O 

1 0] <7)|I^T*I*5X^^ V h*<8. 4%lC&£ 0 £d 

B a T i 0 3 [1 0 0] //Z r 1 - x R x 0 2 -5 [1 
0 0] //S i [0 10] X\*. BaTi 0 3 $£iHi<Z> a ® 
^Zr H RxO2-^B S 0 ^aS<!:lt [el&fem^tf)^ 
£g^U -0>!8K Zr H Rx02-5 3ftf (0. 5 2 
x 3 = 1 . 5 6 [nm] ) lC*tU BaTi 0 3 4*&^ 
(0. 4x4 = 1. 60 [nm] ) A^-g-fSo ^(Dt 

5X7^'V H*2. 6%i:ci:<-7^5 1 >y-r^o L 
f:^ot, BaTiO 3 [l00]//Zr i- x R x 02-5 

[100] //si [0 1 o] <DM& : £mm'?Z>z.t\z& 
y. (001) iHfS]a)xt 0 ^+v^;uB a t i o 3 ig£ 



[0075] z r o 2 (*ig;^^M;Slc^(t-C3t^S-> 
-c?$>5o z r 1 - x R x O2-5S0)^14iixa>^fflrcft# 

-?& 0 Jpn . J. Appl. Phys.27 (8) L1404-L1405 (198 
8)ic^$turi^cfc5[^. x#0. 2*3ST?fcS«§iS 

#0. 2 ju±<oiE^s^iST*i*#-iB[Sia>xe^+vv 

¥t*it £*fi-ei*$><5a<. (100) *-iBfSi 
hm^+vr, (111) iBiSKDsKa^sA-r^o 

tt$k*tz\tmm$kttj:Z>m&Xl*. J.Appl. Phys. 58 
(6) 2407-2409 (1985) [Z t *tlX^Z> <fc 5 (3. 

[0 0 7 6] U^r^oT. $SSIfifp]<&j£fr£>l*. Zr 
1- x R x O2-<5l-3Sl^Txf£0. 2 — 0. 75T?$)^)Ci: 
*><£F£Ll\> x^^y W*LI^BI*0. 2-0. 50 

*o>±izi&i$.£tiz>T&mm. mtytmnttm 
fife d: zs&mmtnmz x * v * ^/sg * -t±^-r 

[00 7 7] g^bv^H-7A<tt;#±S7cttts s 

SO. 5 2nm(DZ r i- x R x 02-5(*. Rrf)<YT:fcy. x 
#0. 3Ot(01?$>^o R^iiJISLfcfSx^ 

^^pf^-efey. TifeSIO)BaT i o 3 ^S^a>^r^ 

^ > <? z mmit* z> c t tfxz * 0 
[oo7 8] arte. mmxM&^te^mtv>)\szi-o 
Att. ^k^^z r 02T?a+?*4x^^ ^±m7um^m 

fifccfci;fiiii»(CcfcyK*^a^^bL. z ri - x R x 

[00 7 9] Z r 1- x R x O2-<5^3j3t^TxA<0. 25)c5|| 
-efc^HJS. K*^f^<^7cm*lCfc(t^Z r 

<X>Jt^/)<9 3mol%^Sx-^SS5e*a)M^iar*(*. ±5&L 

totzm^ ikft*%wi:&J57ii£mmrz>^tiz&i) % ± 

IHLtcm-lBfRl. *t>(clixt^^v^^i«fi7!)<pl^t 
fey. «Stttfi»feffi^^>^^)-i:^^o^o i§ 
*tfiOZr0 2 Il:lt JUT^^^^^fe^ U ^ hA< 

[0 0 8 0] K*^^<^7C^*l^fci+^Z r(7)hl:^ 
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to-*mi*mm. (m i smm.) icfiivcz ro 2 ?«i 

i*<bL-C/?HW=lg-&, YSZ (Y^fc^a-T) £ 
LTfflofct§^i~i I f£>*t-5c- v^ttrotxf 

c^iStL-rtt, s i *«i^bv;u3-^A 

Z r 0 2 a>ffiffi^lc<tyiSfa^tt-5-i:t. Zr0 2 ff)8 

£^fc#>js*j*<ig*Q£;h/r, #±Stc*$^pl 

&K-*&S§<*-*3£<*«it (MFMI S*t£) A?>, &Jg 

-S£SSa<*-$g«§f*-*3H*«£ (mf I sfltifi) 1=33 

HT*. LTZ r 02*JHt*fc**, I S§B# 

©C-VtXf 'J ->*.*><£ <£-50>T?, It0&m«:<©#«I 
JSfnlc.fcSC-V t^f 'J ->Xjb<^WI-»t.4Xs *f£ 

[008 1] LfcA'oT, &#&$£ a a 9 tefe£tfS®'feb< 

Mt<1*J*5EJIS'*>f=i3lt*Z rODJt^l*. »SL<li93 
molWB, *y»*U<(*9 5mol%feLt, L< 
Ii9 8mol%lol±. Stiff*L<l*9 9. 5mol%Jil±-Cfc 
-5, Kfft3SJ:tfZ r £Bfc< flt^**, #±^tc 
3t-£p£,t*t?3&-5o £33, Z r 0>1£^<Z>±I&I*, ^«<D 
tC599. 9 9 mol%^ST? 35 -So ^fc, ISClftlS 
fb&ffi^teZ r 0 2 £H f O 2 <t(D#gtl*&L.l , '0>T?, Z 
r O20>*Sfigl*, a^, Z r +H f £li LT^ 

-So LfctfoT, *Kfffl»l=33ltSZ r 0 2 «>«ffil*, 
HftZr fc*W5c*t«-<tLTjKH**lte«T?** 

a<, h f 02it*ftmzi$ii&wubz»i'=i-''7i*mmm 
izsutz r o 2 t^<ia«i=atflg-r-6fc«>, Pn^si(*£ 

[0082] £33, tei»*M*»jgtr***, 4>maMi 

*«iBf*ifiJ&«a< <«5ltf5nine*SrF) mbStlTS 
i o 2 £if<7)^b!ftlBA t #/S**i.-5Ci:!{)<3o-l)„ *fc, 

[0 0 8 3] -blELfc«fc5l::, LT±lSLfc 

«. c ^»-T-5#±^K1b%i^jllM^K1bi?-»u 

3-^A^jije±i=»B-r-5^i:f=«fcy, c-v^tt© 

[0 0 8 4] *±SN*{b*g3MRI*. Y, La, Ce, 
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, E 



r, Tm, Y b 33<fctfL u(D4>£< tt 1 «, 4#l=, C 
e, Pr, Nd, Gd, Tb, Dy, H o 33 <fctfE r 0) 

'>£< t*, i «***-rs#±saMb*fr&swtti=« 

rt**i-Cl**Ciafr«»*LI.\, £33, 2aJiLtO>4fr±SI 
[008 5] #±S^btSll&»ffll*<eB**iT^Sa 

mti»^-^^mmit. 7c*»fliA«ia-£Bi-e 
*»b***ii«i(=^i+r. mt*S)v=i 

Z r*******fcl**l*ftl=iM>*#*. - 
<7>«J:5£«^*3SBIfr*-tl=«fey, »<bS?;ua- 1 5 
AmiSIHi^S^bifJsmSffifcoracDft^cosx^-r 
h A</J* * < £ **\ -5 IM*#& L £ < £ y , #±S 

mttommm $ s^nit© x tf $ * *> * t -r s - £ 

A<:§^££6o 

[0086] £33, #±IS^bti^^K^^bi?;u=i- 

*A*j»aa>-ti=»j«-*«>ii» *&±mmtyimmmt£ 
i-f-eii (ooi) m— lEft-v (ioo) *-isiR)a)ffiA< 

te&LX'£-f. aE^H© (111) KlSj<0«^£oT 
[0 0 8 7] #±S^b«3^Jl®lC^/lp-ri)#±S7£* 

[008 8] K'(b^U=i^'t7A^jl|ffi33<fei;#±S^'lb 
IV, firljxlf, C*7,P,OjSKIcC a-V>Mg£if<7)T;U* U 

U y-^^fflifij-r€>ci:A<-e#5o Sfc, a 1 33«fctf 

s i i*, Kroem^iRi^-e-sjastffc&o 

Mn, Fe, Co, N i £ if <Di^f£*Jg3C5?tl£, ffi^lc 

33t>r^ii5e!feiic<*:^*(i (h^v^e) ^^js-r-s- 

CWlHi^fiJffl-r-SCtlcJ; y S«14(D$IJ15P 
A<pTfigl=£-5o 
[0 0 8 9] T*fe»BMSJ:tf'flHailKg>tt»tt> S^tt 
33^tXB^ 

Tlfe^ffi33J:t;4'r B 1Pimii, *<T>±lzMJ$.£*iZ>mim<7) 
£ - L l\ 

[0090] mmo>m$k&.it. xrd (xmmm) 1^33 
it^sMe-^<op-y+>^*-^fl>¥fiifl®^, rhe 

EDIz^^^/^-^T-P^SCirA^-e^Sc 

RMEEDH^ h'J— 5^14, 3S£t/AFM 

[009 1] Tife^Mfccfe^^felJi^^^ttl*, Xlt 
Ih1StIc<J:-S (002) ®(DJS#t<©P<v^r>y*— "?<©^ 
fitiH*<1. 5 0° £lTi:£-5 ; b©-e35-5>-<tA<*f*L 
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J:y«IISRz (+£¥l$ilS£s »*f*500nin) 
ZMfeLtctZ. 2nmV.TX3i>Z>ZtfiW£L<. O. 
6 OnmJitT-efe'SCtj!l<<fcy»^H.^ C0)J:5 
ttSffiffi£l*. #fi(Dil(D!lf*L<l*8 0%KLt. 
<fc y L < I* 9 0%feLt. * t>lcjff£ L < I* 9 5 %1U 

[0 0 9 2] P-y+>y* — :?0>3MiMIfc<fctf R z(DT 

5. P-v^>y*-^«)^fitipsa>TISfiil*0. 4° S 

«*«^5 0 0nmT-<D+^¥iSliS*Rz«)TKfiII* 
O. 1 OnmigJST-fcSo 

[0093] RHEEDSi^HJ-^tfco 

[oo9 4] TUkmmtomzizmmz&ymtev. -as 

L < I* 5 ~ 5 O O nm. <fc U if * L<l*50~1 5 
fflL^-5ig-&<D/l^l*. 5 0~5 O OnmgJST?fe-5C,!:A< 

[0095] *F B lPlBia)ff*tffl^(c*ys'Sy. -fife 

L<tt5~500nm, «fc U #3= L < (* 1 0-50 

£0>J¥£l*. 5 0-5 O OnmmfS.-Z$3&^tt)W£L 
j»IK<DJ?£t*0. 5nmKI.±T?fe-5Ci:3!)<»*L<, fro 

[0096] gtngftgig 

[00 9 7] Bft4fcft*1£jeK±(=»j*dfe«&BM|{t 

jSKi*. e{a(o^(cj:§5^7-< >v hss«]A<ecyiz 

s i Sffiilcfcl^TMiS-eSlfttoUSSlS 
*J#JIS(D3ag§S<*jtSlg. 3lo3f yj£2iavh£^$£K«tt 

£H3lT?#-&o c<Dfcto, *S§fET-l*PZTjSIK£, S 

i mfgssffi-tr-fcoTt (ooD eirusa* a o 
o) m&mikt<r>m&mvittjL<. (ood ieiskbi 



[0098] &mntemmizm^z>#mtftizv&&£4x 

[O099] (A) ^P^Xrt-f KM*t*4 : B a T i O 
3 : P b T i 0 3 . %i±m7tmtt=f-$ P Z T 

(i^Uu^ . PLZT (S?;ua>TS»>H$ 

[0 10 0] (B) $^^f>?P>XItf^ : SBN 
hD>f^UOA) . PBN 
|&/tU4iO t|<D$>^*^>:7P>XI>K{b1fcfc<!:„ 

[oioi] kit. c*ii±<D&wm#.tt'mz-D^xmw 

[0 10 2] (A)^P^X*'< KMWi(4<0 5*.. BaT 
i 03^>. P b T i 03^a>r^^P^x*-f h{b-&1&'& 

iftt. -flfir|C-(b^AB03-CS$tLS. -Cf, Afc 
.fctfB Pgl'^>^*-r, AI*Ca> Ba, Sr. 
Pb, K. Na. Li. L aSJ:t;Cd!l*bIW:1 
lEl±1?fc5CtA<!fftL<, BliT i , Zr. T a 33 
.fctfN b fr £81**1*: 1 «J*LtT?3&-5 C Ll\, 

^jess-el*, cfte,©?*,*^. fcffl;5j£ic33i*T!£ii 

[0 10 3] Ltc^nyxUJ hSfl^fclcastt* 

jt*A/Bi*. »*L<(*o. 8~i. 3-cfey. <£y 

*?3=L.<(*0. 9-1. 2-Cfc-5= 
[0 10 4] A/B$C©<taftlittSci:l: < |:-5 
T. g»fttD^$itt£«tfc-r Set SfctgStt 

SI«4#14*3tS-r*ct7b<i?#-i), c4xlz*fL. A/B 
A<0. 8 5tcjg-c?tt^ B |tt(D*#x4mA<M*J5:<^y. * 
fcA/BA<1. 3*ffi^Si:lSM'S^M<D^JiEA<S«U= 
fcoTL.£5„ C©J:^<CA/Bli, fi£Kft^*169»-r 

[o 1 o 5] fcfc. p b t i o 3 7Eci*ro 

J:5I^ABO x |rfclt-50(Dib*x 5^X3 i: LTt 
*L,Tfe-5A<s xliSlzRBS^tt-StO-ett^l^ ^P 

s^Lfc^p^x*^ ^mfezmtiiotfibzoyx'. a 

BOxl-fc^^T. x<DfiII*. il^. 2. 7-3. 3§S 
"Cfe-So tCfc\ A/B li . S3tXjg»«T^e.^«)5C 

[0 10 6] *I^BJt?fflt^•5AB03^CD'<P^X*^' 
h'fb'&ifelt LTI*« Al + B5+0 3 . A2+b4+0 3 . A3+B 
3+ 03. A X B03. A (B' 0.67B"o.33) O3. A 

( B' 0.33B"0.67) °3^ A ( B3+ 0 . 5 B5+ 0 . 5) O3. 
A (b2+ 0 5B6+Q 5) O3. A (Bl+ 0 . 5B 7+ 0. 5> 
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A3+ (B2+ 0 5 b4+ 0 5 ) 0 3 , A (Bl+ 0 .25B 5+ 0.75) 
0 3 , A (b3+o.5B4+ 0 5 ) 0 2 .75* A (b2+ 0 .5B5+ 
0. 5) 02.75^<OL^*l-Cfcor*J:l^ 

[O 1 O 7] ^ttMfrl*, PZT, PLZTflDPbS 
stayxlJ-f Mb^fe), C a T i O3, B a T i O3, P 
b T i O3, K T a O3, B i F e 03. N a T a O3, S 
r T i O3, CdTiOa. K N b 0 3 , L i Nb0 3 , L 
i Ta03. a3<fct/C*tt>0>@?gi**t?fc£o 
[01 08] JtCfc. ±IS P Z T I*, P b Z r 03- P b 
T i 03&0>gi§&T?fc<5>. ±fBPLZTI*, P 

ZTCL a*<K— Zf^tzit^VH^J. AB0 3 ©8 
IElCftx.1*", Mz.l£ (P bo. 89~0. 91 L ao. 11~0. 09) 
(Z ro. 65T i 0.35) 0 3 <DJ:5(=a3Ftl.-5o 
[O 1 O 9] mvt^ay^ij-f Mb^B!i<D5*>B 

i £Jf=Klb£1«3l*, -JjSlCsE B i 2A m -lB m 03 m+3 -C 
*sb**i*. -h!BiClzfcL>r. ml* 1 ~ 5 CDglBu A 
I*, B i , Ca, Sr. Ba, P b &&lfffc±$H7L^ 

(s c fccfct/Y^^t;) anvrtu^-efcy, Bl*, T 

i , TafcJ:yNba)UWe*5, StfcWC:!*, B 
i 4T i 3O12S S r B i 2T a20g, S r B i 2N b 2 Og 

[0110] *mWizm^2>ztt)W&L^'<a7*-t> 

HHt"&1&, WxlSB a T i O3. S r T i 
O3, PLZT, PZT, C a T i 03, P b T i O3, 

&S8£: LTI*, R (R(*, Pr, Nd. Eu, Tb, D 
y. Ho, Yb, Y, Sm, Gd, E r fctfctfL a 
jlS?**tfc'>tC<<t : tiaa)#±li7C*) . Pb. Ti 
fcS>tfKO£^*-r-5t,<©A<#3=Ll.\, C*i 
li, PLZT, PZT, P b T i 03, #±gSia-* 
^VKSatfiyiJ^L-UV, tCPZTIt SStttM, 

T, **B^-CI*, SE3fel*^pI^T-feofcPZT(©xe^ 

*->-wi^b£HSIT-£-So x e-5» ^rv-v^ffi^bl-* 
y, m-lB(R]-ei*'5:t^3lE<7)PZT$l?Kt?WSt?&ofc 

p z T*jfca>St#te£*JfflT*£&„ 

[01 1 1 ] ^±m7tm^m^9>mmt lti*, js^ 

tbs£*< 

(Pb + R) /Ti=0. 8~1. 3, 

Pb/ (Pb + R) =0. 5~0. 99 
<B©H, 1f l=, 

(Pb + R) /Ti=b. 9~1. 2, 

Pb/(Pb + R) =0. 7-0. 97 

ffijS<7>#±^3tm#*5 L ^ >&SBI*, 4$l@¥8 - 1 8 6 
6 2 5-§-lcga**tvT^-5o #±3i5c3fi£±.Kifci£-eP 
b T i 0 3 (z^Jip-r^ Chicly, Ec^fiT^t^C 



tt<b££i:£^(r<i^±^*£^fln?- 5 u — 
<D-e, ^yjsL^tti-'g^7i:!iii*ftjtiSA<ii^-r«. 

[0 112] Rl*, P b T i 03#xmi£t<tiZ>&*'< 
aztXtH ^At'f H=ftfi-r5P birM&U tfjl 
£^ft££l±-&. PbT i O3I*, IE*^^<7>^P^X* 

h«itT-fcy, cito&fir^sNStt?. rb&k* 

•SWE (Ec) JfiT*#iCtA<T?t^ -73, R Jsl 
fl-a>*&±g7cfSt, Cetli, PbTi0 3 (DB 

[01 13] #±S5c*^*^^>Kiei-i3^r, (p 
b + R) /t i ^^-r^^t^sttwescssasA^Mto 

tt<&9. (P b + R) /T i jb<*#-r^-S<t$)ftfc5i 
aa>SJj£*<aSI(cfcoT L£5„ (Pb + R) / 

T i £-tfE$5H£-r-5;i<h(::J:y, SflFftBSKtt^* 

e.*i-So pb/ (Pb + R) £<'jt$-r?«j:. 

W*<)6:oTL$5tSall:iSi$t1 OOOUl-ti: 
*£<&oT L-$?. -7?, Pb/ (Pb + R) 

assa^+a-ttf-So Pb/ (Pb + R) &±mmm± 
-r-scti*, siiiw^ffio^fiE^^^a-r^cfcai- 

*IJ{|l-r^Ci:IC«fc-DT§a{C||^r-#^. Pb, TiJ3 
&XSR<D-£mm\*. ^3feX^«TaiCcfcy^to*Ci:A< 

[0 114] ^$>&Sai*, -J56ICP b : T i : 0 = 

1:1: 3-efc&a<, **^t?i*as*p-r-5R<oas*5«*: 

u:il=J:orKm©ib*l*S'Sy, o/T i 14, sua, 

2. 7~3. 3SSt?fe*. 

[0115] fcfc, ^&±S5c^*^^>iSiaT-(*, t 

i <D6 OJl-T-%KiTA<Z r , Nb, Ta, HffcWC 

[0 116] (B) $>^f>^0>XI««^Lt 
I*, ^iSim<*W^*a>Landoit-Borenstein.Vol. 16f5ii 

I*, (Ba, Sr) Nb 2 0 6 , (Ba, Pb) Nb 
206. PbNb206, PbTa206, BaTa206. P 
bNb40n. PbNb206, S r Nb206. BaNb 2 
O 6 ^-tue.0)gJ§(**<»^L<, ^IC, SBN 
[(Ba, S r ) N b 2 0 6 ] «PBN [ (Ba, Pb) 
N b206] *<»*LL^ 0 

[0117] &mmt*mmiz* ftmmmmmtmfe* 



» * mmimm £ x e * * > * jvm t x & s /■= 

l±, ^P^Xrt-r hS«^T?l* (001) E|S]<Dxt°^ 

>xw*mxit (001) iHiRKoxe^^vv^K^-r 

[0 118] ^D^xa-f KM«^e.«fiE*ti-S>^ 
«*5llNffil*. Si (10 0) g®£*rr-5*«±ic. W 

-5, fcfc, s i n-efc -5= (oo 

1 ) *-ElRn?fc5i§^ !£P«# [10 0]//SI 

[oi o] -eft*, -ffcfr*.. ifiPWfrjSKts i*« 
tit. mmz&&? zmm± : t¥-?Txib$,zt wars l 

[oii9] *><?x7->z?Bi,xmKftfrt>m!3.2ti 
z,&mnfrmm&MrfL-?&mzt,. si-doonn 

JH*[100]//SI [010] 

[0120] &m , m#mmtzm^k>tiz>&mmft*tft 
[0121] ^mttjum*. T*six&zmfc®>mwi 

s i *feSS*JiJ=»fiE*^fcl«b«sS^1t»K<DiSrt 

1<ap/as^1. 04 

"C -5 C Ll\> a F /a S *<1 KiT^feS.?:. IE 

[0122] mtyamm&nm(Mi&rfL$: s r Ruo 3 t 

L» fro. &i&-t6ff£fiJt:fr&£ffl^fci§'&, a S l*0. 
3 9 6 6nmi:^5o Z<Dt£. af(DW£ Ll^j&Ellis 
0. 3 9 6 6nm< apSO. 4 124nm 
^^•1). CCDJi^lrli. ^ffitttt***: LtPZTSffl 
PZTIi, PbTi0 3 iPbZ 

r o 3 to>m&&.-etby. &®&tmmmaift<D&mz 

fclvC, P#l**l-jt^la-efcor. PbTi 0 3 a>fS 
^F-SiSlSO. 3 96 8nm. P b Z r 03©^ tSl* 
0. 41 69nmT'J&5. LfcA^t, PZTOapl*, 
Z r tT i k(D\k.\z$j. ttO. 3 96 8nmA^O. 41 
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6 9rm^X'<DmX^.iti-?>ZtlztS^o -tlH Lt- a p/ 
as<&»*L^ffiffl£^£^£>PZT<D$&Jilcl*, PZT 
?Pb (Z r i- x T i x ) 0 3 -eSLfct^ 
0. 235ax=S1 . OO 

tU£ e x = 1 PbTI0 3 -efc5, 
[0 12 3] P b (Z r 1- X T i x ) 0 3 (-fcL^T 

xtfmo. 4M.Tx-$>z>t. /om&X'itmste&ttj; 
y. *Niffli*<i 1 1 >*A(=:£i;*. l*>u xtf$ 

&rr ^ffcfr*., *»Bji-<feysis-r^ 

pziieji+i/A-MH /\*;u*<*£f*Jlfcofc*Sil 

/w xi-®ffl-r-5ieic*fijT*fc5. 

[0 12 4] ±mmWXl*. S r Ru0 3 iPZTi© 
m#--&t>it$mizmft-t><. WlftLtc&olz. S r Ru 
O3CDS r+H- HfcJ:l//$fcttRu1H' h<0— 
ftf -5 C t 1= <fc y £^ 5 C i: £ £ <D T% 

^±Stc*^*^^ fc\ PZT Ja*tf>3£I!«{* 

[0 12 5] C<D*aiC «©sX7<'V h££Jffl 

LXKmfonzwmLtc&mmttmmxiz. ^asi:s 

H5<D#S±£JtPx.-5Ct;b<-e#(DT% (0 0 1 ) m-lElS] 

[01 26] ^mmi^mmomtsit. 3 o onmKiTt?fc 

•5CtA<M*L<. S?£L<I*1 5 0nmElT. <ty»* 
L < I* 1 0 0 nmteTF, £ t>(=»^ L < 1*7 5nmfclT\ S 
t I »*L<l*5 0nniKITT?fc-5. M;Slc*5^-Cg*tfc!i 

&wm&mi&i&f$.mzmw 
£iz&v±c2i*:z>ztt<X'£&o temnwrnmami- 
&y. M®rt<o— 2fej£j±^(£*^xim6*ii-^i:$i*i>c 

lc*5L^T^5X7-f -v h$eer-liiS:<I(»?fttI»T- 
Ki|R-rSci:A<-C#-5. fcfc*U .fcy^^'tfffi^tE;*^ 

Lra§^-r-5fctf). 2nm (5*&t#) , 

[0127] &wmtommmm&±BitmmzAFMiz 

•feyaiJSLfcir^. S*ftS5000mnffl)Rzli, Jf 
*L< 1*1 OnmJilT. £ l J » * L < I* 5 nrnJilT^fc-So 
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i*8o%ia±. *y»*L<i*9o%ia±, £t>tz&-£ 

L < 1*9 5 %Hl±<Dmt&X-mmLT\*Z> C <tj!><M3: L 
IV, ±IEa®ffl*(*s B5»1 Ocm2(DS1S±ffi(C^of--D 

1 nntfU£T?&-5o 
[O 1 2 8] g-^-x/WX 

^V/^i'fc.k^FETiDy-hirLtilSJih., MF 
M I smj&n^m&te.* ^V^ftfttfiUz <»ni- 

vT. OE \ Ctj:klz&mm-f%ZktfX'£. £t>lc. 
JBtt«M*j*H«¥>JAlLfeSQU ID, i?3*7V>I 

mi^m^mmLx. so i ^r/wx. ls i nmrntt 
k\zmm-?&zLk*,xz&o 
[o 1 2 9] ts.rn.mw 

*mw<Dmm&mt. afm^stm (j6siuh>*;u 
mnm> tiik'nya-^iz&vfiim&azm-tzfimi&tt 

&wmmzBzm : £'*Toi]&i±. man. a pp i. Phys. l s 

tt. 68, 2358 (1996)|cfBi££*i,-CU&o fBgUcfSLT 

it. *-r. AFMmn^a—ztiz&y&mw&mmizw. 

BE*BMnU :?P-^£*xfc31J§&f£lt#«£&3£;*-t± 
T*SE£IEitSgtt£^P-:?£l::lMJU ?P-:?I= 

®kxiZftm-xfttf&xtbztztbEL i m®imtfmti;z>o - 
fl^*^t?*t. cro^^^p— -^-^^i^o-r * ^ t (~ cfc 

y, la^f-v h^»*J-fi)Ci:A<T'#So Bfttf? h£ 

[0130] &fc\ c(D*5^iess*^A<iiffl**u 
S^^EPia-r^^^fe^fc^ fm i s«it<Dt(D-e 



[0131] AFM-VSTMIi. II^F- U-*,/M0#fl?tgS 

tts. ®mnm*#mia.m&&w i o onstiT 

fcKSS-Cfcy. frofEiit:-;/ h$1 Onm0JaTa>TfJ£T? 

\-/cm2)n±<D-m&m.* : E>j ommtfimft z tiZo 
x-it. mwmmtbx&itfxfr-o&mnmzmttz&m 

[oi 32] Mim&n&mm<Dterfty5& 
#.iz, *&w<Dmitm.to#<j>mttomn&.&m<Df&mi5 

aizo^Tl¥$ffllclttBJ-r^ 0 

[o 1 3 3] ®7izm-tmm$imi i*. sstk>^pa< 

SlfP,+LfcK^1f 1 a£*U 1 a fllcl*, 

TgflcS«2^«^-r<5^;u^3 7!><iBm*ttT^Sc c 
<D7^VU^3I*, |E]eii4^^LT ; E— S 5|cSjgE^tfC 
fey, C<©^E— S« 5lC«i:oriHlS*+t. S«2*^-(D® 

;u<5f3l*, S«2^Jjpf^-r^t— S« 6$WjSLT^i)o 
[o i 3 4] IfSH I*. Mit&1i*m®i<£W7 Zffi 

□ 81*. ±SE7f^$ > 3<Dit CT^lcSES^Jh-Tl^-So - 

*u=<fcoT. ^b1±33-^i**«t2ifi^-e^0)^EEA<ift< 

7^;i/^3<7)*t,ICT73lr|*, S rHHSp-efc-SSS 
1^f6SP9> Ru^g|J-efe*m2^fggPl OA<iE«£ 

[o i 3 5] ±E*JU*l=»«*-fe-y V-t&o £ 
ffilci*. S®A<s i (1 oo) ®-efc-5ti<Z>. »*L< 

lis i caj.fea'&sswaffi 

[OI 3 6] d(DiSjg73aT-|*. «K«Cll1b1ig**tt]« 
ffi$^S«S=E, fflj7ll*1 Ocm2jil±©®W^»OS« 

mtbX&ffitj;*,<Dk-?&Z.ktfXi£&„ tCfc\ 
«<©±Rgl*WlC^fL^A<. a*t-CI*4 0 0cm2aje-Cfc 

■So stfcro^tt;^PH2X(ot2~8'r>5 L a>s i ^x/n 
x/\— ^®T'i*tc < , ff»ni=7x^«-eaKLTMMb 

*»«tt»«*»*-r * w * pI^T?fe«>. 
[0 13 7]?>Jlr, StR^K^^T-ttlf^L. Srfcilf 

R u fcBMfcttifX i: * *«*Mlctt$&i- « ^ ti=«t y . 

[01 38] j!JD!&;"&Jgl*> 800-1 1 00"C, L 
<(*850~1 05 0°C. ti:900~1 O O Ot5tt 
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[o i 39] ±mnit&jsxt lti*. mm. 
[0140] n&#>zfx-mmmzm&mto$® 

S«ifi^lC*5(+-5Km**X*M±l*, 10"3~1 O-lTorr 
-Uorrt LfcuDI*. »£<grt(cfc-5^SyS*<D&Jl£3& 

Tl^tf)^ H£«<OI5i:A,£<DSii*i-l*1 0-4-1 0~6 
TorrifI&0>«l,M±;tll::&oTl^o X<Dtt$&S 
I*. ST* L< 1*2-5 0cc/:JK *y»*L<l*5~2 

[0141] #l£#e3gl*. W^-tf-A^-eAQS&LTlSSS 
£«lcfft$S-f5. JS^Sli, JiT* L< 1*0. o 
5 - 1 . 0 0 nm/s. J: <J »* L<(*0. 100-0. 5 

[0 142] SRO^IKI*, ±&Ltz£olZS r/Ru 
= 0. 9 4ttifiO)*&Ji£lC*il^ $SH14££(C 
g+ifctc&i'tP-iu *T*LL^^©H<7)SROjt^^^ 

ja-r-sfc^ici*. ^fiM*^tt*&-r-5s r tRutom 

^Ftt&E (Sr/Ru) tiLt^t. L < I* 

E(Sr/Ru) = 0. 7 5-0. 9 5 

<hU «fcy»*L<l* 

E (Sr/Ru) = 0. 75 — 0. 93 

tU *t,lcjiT*L<l* 

E (Sr/Ru) = 0. 8 0-0. 9 0 

i-TSo 081-. #f§BJ#t,«>?B>]5£(~<fc&. E (Sr/Ru) 
<!:. ^t^MSWSROiltfflSrtRutfl) 
Jf^-itF (Sr/Ru) gi8fr£>, E (Sr/Ru) 

A<0. 7 5-0. 9 5<D®H(CfctNr. E( Sr /Ru)0>^ 
-fbU:*t L F (Sr/Ru) 0J«c#14A^ < ^tUtE I* C £: Jb<:b 
frSo Z©i:^a)F ( Sr /R U ) 1*^0. 94-Cfey. -tj£ 

Lfc<k7i=c<DSiafie-ei*. s®tt. ssstttticffitts 

SROjtMi^-S. "f SROI*. S5£LT*T* 

I*. ilfiJ&Ru. RuO Xl &3bW*flgJMf 



tl^^^o fc*£U E (Sr/Ru) A^e?1"^^i> K*^ 
Ru^+»(=«if&-r-5Ci:A<Slt«!:'Sy. lf©S x / 

r u < & y -r ^r^ffittroig^^ □ •< 

E (Sr/Ru) tf'J^-Tt? -St. I*©Sr/Ru(Dit 

T*eA<ttjgi ur a®iz«f a u masaxHiiaA^^ < ft 

■oX L*5o 

[O 1 4 3] Kl±lttWLfc«t5(C, S r *5«fctfR u 

y, Ru<Dia^E<DftosRo^s^«te±icgas^ 

(DST-itSr/Rutt^O. 94-efcy. C<0*&jj£ttjfi 
I*. ^ly^(DW-iS^^^SRO^mm^m& 

s r o mmt><nh>*tz>j5%iX'ibz>„ 

[0 14 4] J$Mli»a<1 Ocm2 «flE6l±-<!fc*i§«» 

mfntw-m: 2 -r ^^tDStsuoasi^^-r •§ #i=i*. 

@7lc^-rcfe5lcSffi^Is]e^-t±, 6$fl;tt:tfx£««* 
®CD±l|Elc^jl'S<«$&-r-5C<!:l=«fcy. j*H«J*£* 

«<DlHl«S!ia)±ISI±^l=!tf^A<. il^(**^M<©ti« 
J: 1 2 OrpmBSirft-So 

[0145] ui±. l$lb1^»1±5llM0>$S&:£j3;<DP*ffl 

^t&UBLfcA^ COSijt^&l*. $£3tE<»SE£3g5t^ X 
[0 14 6] £t>\Z, Z0SaiCj3^tMBEgl$ffl 

[0147] mm&tonm&Jsm 
•&jsmz-o i^xmw-r -5, 

[0 14 8] Tlfe^Bi. «fffl»ISi3J:t;^Sim*SIIS<D 

w*msmz®\zmiz.ziix-?. s i ««i±iccti.c,^m- 

l* t fcl^3t)^ JfT*L<l*^*^ 1 9 

8 5 0-§-, 1#JSi¥7-2 4 0 6 0 7^-, ^81^8-1 8 
6 6 2 5^I^Bg^$tT.T^*^«^^fflL''SCi:A<JfT 

*LIV 
[0 14 9] aggjjjjBg 
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[oi so] mikmmomm+mizisii&mwm&it. 

£-f 3. &%l*-*l8frSE(ciSte^«&£J&j£-r-5. /* 
ma. n b £<Di®*&^«jg*<£ £fci§£. 

[0151] Si a«±ICiglb'l$3^K£ie$*V'-WU 
OS iS«giEA<. ■*-<D$SJH?ij£'t!NS£. fi£fi*-&-5K 

i xim&uo-C'. mtyammz^t? jisrft&z 

[0 1 5 2] L*>U ,fM*tlfcS i (100) (DS 

^-r-5«i;a(=. 1 x 2£fcte2 x 1 «jtir/«c 
y. Si (1 1 1) ©Slli, 7x7tfcl*2x8M 
CD*£fci|Ma* i/*>a.*t,"3«Ulfta«H!it<i:o-CL* 

[0 1 5 3] C;h.t>a>;t3Mb£;h.f=S i SSI*. 

-r-sas (7oo°cjii±) -ei*. k^*^®***. t 

<lcfiHb**£:&J6S-33^U tll^S i Ctffzmtix 

C <blz J; yS«£ffiA<j5££*U SBtSAtfSUiS. 
LfcA^T, Mfcfb1feftjKO»Jifcf=IBLTI±. SJSttlcg 
A,fc*S i SBBSftBfS&Ktf&t. 
[0 15 4] Cfl>«J:-5<CCtAve,, Si*^SS«|C. 

[0155] ccjsatit ss*<j»^b**i.fc 
asirs i mt®)m&mts.-tz<, mttt*rxi=r*» ±is 

l*. S i&1b«lJgf*. *«*lB$ffleaU 
OMtSlttomoiUbZ. s i ittoiajf a>J?3i*. 

0. 2-1 OnaSft£-r«::£fi<«F£Llt. JS£A<0. 
2nm*5a-efc-5<b:. S i &ffi(DfcaA<^±4: ± 
E£1 Onm,h LfcSfil*. ■&„ 
[O 1 5 6] -tfainHfti*, 3 O 0~7 O 0°C<0SJS(C, 

o~i o#nuaflc«*L-cif3. c<Dt#, #aiis 



[oi 57] mbtt#*«>»Ai** «ji.tflMbtt*xt 
LTHH**m****» X^ew^^toi xl o-7~i 

xl 0-4Torr*lg(DB£lcU ltm**X<D®AI-«fc y . 
^«<&^«tfiEt»(0#nft4>a)BHR»E^i xi 0~4 
-1 xl 0-lTorri:^S<t5l=Lrfr5-<bA<Sf*L 

[0 15 8] ±eis«, *£*T?Juf8rf 6. SC*H 
o>s i |&Af*s i K^b«aSI=«fey«S**u-CL^-5©-C. 

&i:<D;5ig;A<ftifeL&l\, flPSSftSffil*. 6 0 0-1 20 
0°C. #|C7 0 0-1 1 O 0°c£-f &d£:7b<W3:LC\, 
6 O Oic^feSi. S i JManSttSffiK 1 x 1 m 
JSA<#&*tJEct^. 1 20O^ix5t> S I SHblfeJS 

i=«fc*s i *sna>«aAH-#T?tefc < # y . s i mmgh 

[0 1 5 9] Jfcivc, Z r 3S<fct;i£<bte;tfXA\ Z r . 

tlS^MLfcs i gHbl&Jf £S5cL. iSt^ci 
lit. *fcl*Z r . *&±S7c*fcJ:UtK*l=«J:y, 1 xl 
[O 1 6 O] SflMRjftl*. RHEEDt^SS©/^- 

i x 1 <Dmmm&<Dm^. n+mxmijfttf [no] 

■CH9 (a) (=*-r*3<MfMM8C1 flDS^fc* HJ 

>t*y» Ait^rsis [1-10] tbTt 

I*, fctjtl* (1 OO) ffiCDii^l X2ffcl*2x 1 V 
fc-5A\ 1 x2i2x 1 fc£W&LTk*£*aifltiftfc& 

co.ta'EfJi^ici*. rheed©/^-m*. m 

T-*OA»5Sia [110] [1-10] Oivfti 

^fciip^-c, gi9 (b) i=*-r«fc5«:i ismmc 

1 £2femmC2ki&%f-3/<l$ — >I=JSS. 1X1(D* 

Att*lRlA< [110] fc«fct; [1-10] <Z>P^T?, 2 

[0 1 6 1] &fcs Si ( 1 O O) Jfjf 1 x 1 ffi 

ftfco LA^L, 1 xi t5t*frtt^l»^»y. 
lcW^14<i:< 1 x i £S i f^IT'fSCtll 
l*^Rlfig-efcS, 1x2. 2X1. 1 x 1 l\-?*HDm& 

[0 16 2] Z r , ^fcliZ r 33,fcl/:^±S7C*l*. C 
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#<DiSJ*A<0. 3~1 Onnu 3 ~ 7 nmSSt 

BIT, &<b$l&9:T-CD#$Sfii:l^3o igib^si^T 
<Z>«*S*j!><0. 3nni5fe5KT?te, S i Klb^l©^^^* 

)\,<DW(ht)<9£$LL J t>ir < &y % »®(D!lSS<0ffi5i]A<(HC] 
|zj:y 1 x 1 ^jgr-fcOSSCir^fc-S. ±IHS i HMb 
*fc)Ji<7>Ji:£<D±l5<D#3:LlMii£l Onmt LfcS&l*. 
1 0r«JSjl5i. ±IBCD<}:'51-&S£&*&LT ; tS i 

[0 16 3] UHfctttfXi: LTMm&m^ZMISl*. 2 
~5 Occ/»aStt$&-r-SC<tA<»*LL^ &lbt$*fX 
cogjlttSSJ:!*. K£«<D^»« * 
<D<fe(DgHT*3t3:&(DT-, fct>*>L#>S®£:{ft$Ss£3}? 
tbxts<o 

[0 1 6 4] ^FlilMlOM 
■TT?lC^¥7-9 3 0 2 4-§-ICfc^r^*Lfc*^T- 

[0 16 5] BJKD^JtEl-a&fcoTI*. *-r. ats^An 
Sg|llb(Dfctt(c4 0 0^ia±Tfc3Ci:;!><a£L<. 7 

5 0°cei±-e^iSiissi±i=s*i.fcMA^f,*t, 

I*. 1 3 0 0°C*IgTfe-5, 
[0 1 6 6] Z r ^W^-e— AUt-MLTl 

!&^iaSL*F±3I5£*£»ffi«®l-tt$SLT. K<b£>;u 

0 . 0 5 ~ 1 . 0 0 nm/s, <fc «J ST* L < I* 0 . 100~ 
0. 5 0 0nni/sitS. tfSLfgMm 

z-mzm-o c <t t>m l < *t y „ j*i&&jt*<irt 

[0 16 7] <tib\ K<btt#X<DfI3I. *<J>mi&m. s 

«ifi8a>KHi#i±. tttto>l§llE«0>£-adMt£-3itT 

So 

[0 16 8] «MtS?^a=«>X k 3R*a<D±l=«±aiMt 

\zr*tfLZtitz££[z7. r<D#$&£f?JtL. *&±3l7cfitf£ 
(t^?l#^^-cet$&-r-5-tlcJ:y, 5Sjg&LT#±3Ii£ 
4b»»»«*»JiM-S'c:i:*<-CS*. IMbS?^3 



[0 16 9] Tifeailg 

*F B 1»ffi±lzTife»8Si: LT B a T i 0 3 J8£fl2j£-r & 

[0170] tpfflmmtfLm&. namte&Tsmimisxo 

■5. B a : T i = 1 : 1 £: S «fc 5 Clf •£ C 

©Ba/T i ttfc&gtbli, BaT i O 3 M<0EIr|14IC^ 
W^aiS-To B a T i 0 3 Jg. (Z r 1- x R x O 

2-<S) fc«fctfS i (1 OO) afirosKS^ew^A^ ffr 
^Lfc»*LL^H^ •T'S:^*>. BaTiO 3 (00 
1 ) //Z r i- x R X 02-5 (O O 1 ) //S i (100), 
*OBa T i 0 3 [1 0 0] //Z r 1- X R X 0 2 -<S [1 O 
O] //S i [010] i:£5J:5(=-f afctf>l-l*, Ba 
T i 0 3 J$m^l=fclt^iDS^;ajSl*8 00-1 3 O O 
°C, »*L<li900~1 2 O 0°Cjb<M£Ll\> *fcs 
JS^«]^<DB a/T i «Jt&aitI*, 1~0. »£L<I* 

i~o. s t-rs^t*<M*Liv -rfcfr*.. /s^sa 

|C|*T i jg*JfC-r^CtA<»*Ll^. tZt$. Ba/Ti 
OTfc -St I*. fiE^loasr=l*T itf>*0>t&SS 

i it^a^JT^pA^ofcy-rSi. i^WBaTiO 
3 IA<l»itli (00 1) IE(6jTI*fc< (1 1 0) IB 
iSllZfc&Av tfel* (00 1) ElSlBaT i O3II: 

(110) fElR]i!£SA<?S«ELTL£ 5. J$^*0»ilc(;ju 

* nfc B a jb<T«ia>Bg<b S?;Uzi - ? jUM i: J5f5 
LT. gB«J<Difi|ol$*-r-5B a T i 0 3 A<»t>*llc< 

S&^mtit. KJ**<1 nmS^lUTT*fc€.©HrtTfc 

[01 71] Ti&mmMrfLm<Di$.mm&.. m^a^cn 

<D'&alfe^(roL^TI*. ±!5LfcM'lbv>Ua-'7AmjS 
MJKfiKcDJi^i: P«Tfc*o 
[0 1 7 2] *r B 1Pli-V>TifejSBa>-hl5^)S^ai*. ± 
iaLfc^b#lS«ttBK<DJi^i:l^«lc. «£3)t<D*^ 

mm. *'iv*>)^ym. u— y— t^u— i?3>^^ 

^*<DJ5:tV LA^*i]ffllL^-rt^ff^#TTjlSSL-5 

<DK»3§T-fc£>o ±IE^lC^5t^TMBE^a^fflt^T 
^<Pl«l=LTgB«)<!:-ri.5Slg$#S^^A<T^ 

[0173] mm9»mn 
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So 

[0 17 4] co^fig^ra^SljS-r-StcfcfcoTt, El 

cc-ei*. p b t i 03IZZ r ^^jbDLfciffl»i£-e$)SP 
z T»i«^ffiji-^if riKBj-rsA<, p b m&mm# 

So 

[0 17 5] C(D«&(Dlt^l1 (4, ff1*£«F9« 

p b om&ut u »2 3r*spi o?t i o x m&tfrt 

U S&3|£$S$|$1 1 $Z r LfclSfrli. Sftft 

[0 17 6] f&m&ffit LTKft«| (PbO) £m*-5 

Btit*, Sa<D*«±"CttP b OSftEtfftktfe*. 3£ 
Sialic p b£^S£SaiS LT»«S®l::tt* Lie < 

I^A<. P b0^fflL^,l:#^A<ig*-5^t.r-&y, T 
T i O x 0)#fc>yi:iT i T i l4Pb 

o«fcy t^b$+L-v>-ro>fcto. PboiiT i iz&m$m 

t>tlXPbktjH) s C^tA<S^f!LrL*5©T*»*L 

[Ol7 7]fc*>. T i O x lcfcl+Sxlot, $?£L<I4 
1Sx<1. 9, <fc<J L<l*1Sx<1. 8. £ <b 

L < 14 1 . 5^xS1. 7 5, 1t(r»^L<l* 
1. 66^x51. 75-C?fe-5o C©J:?4T i O x l* 

fUSSA^^tiSo cfUcfctLT i 0 2 l*. f§fcx*;Mf 
-£flD*S£K£;|grtT'&*£&a3Lfc*<e>T i O x -^ 
i:gElbLTtf><fc#K M^.mPi<D&ti^mii<^ < 

y, *f=. **Lfc**a**«i»&*UEi.*fc*>. hbaim 
[0 17 8] -tE^M^c****? h-rs. s 

[0 17 9] »fi£K£«f>TaQ8&U PbO. T 

i Oxti&VZ r k. mbte*TXi:*»*«Bil=ttlM- 

[0 1 8 0] flni&aSfofc. 500-70O1C, #1:55 
0~650^ttli^i:A<Jf$L^. 5 0 0°C^mX& 

zt. m^<nMi^mm^mmt>m^tnz<i\ 70 

[o 1 8 1 ] ±i9M:tt#x{: LTI*. MR. 

no 2> 7i?*^«i**fflO«CiA<-C 

fett* t f £ - £ L t \, 
[0 18 2] cc-ei*. ECRi*SI:<fcl>7V*Jl/S 

**m****i=oivcBMii-*-*. 

[0 18 3] Jlffi*>7f-e««ttl=Jlffi«rtt*«L«C 



A<6>. EC RMI» i?*;Mb LfciMbtt 
#*£Kffi«l*Jl=««tti , =«l&-r*. Sffiifi&lc fcltS 
H*#ffil±, 1 0"3~i o-lTorrgj£l?fc-5Ci:7!)<»* 
LI*. &*#IE<Z>JtE£ 1 0-1 T orri Lfc<©l4, K£« 
rtl=*****«t«fl!>***S&fc = fro* 

X*»A-r*l=»L-CI4. »«<D&ffiC:*(DiS«frS># 

<5iJ:<. C#il=J:y*<i:t^^»A*l?»*±-ea> 

ii««l»i=*«**tr^*«>-c» n&m<r>&kAj£<D& 

#1*1 O-4-l 0-6TorraJt<D«l>J±71(C'tCoTl,^-5o 
»fctt#X<Dffc$&SI*, $r£L<l*2~5 Occ/$K «fc 
y»*L<l*5-2 5cc/#T?fcS„ IHttt#X©M 

«$ssi*. s^ero^w. 

»Hi=*y***o-e, fcSfrCftSSfcBWSS***) 

■c*j<„ 

[oi8 4] #s«ai4. *^-e-A»-emi»Lr«* 
s*. »«ictt$&-TSo )Htffi)SS(*. #£l.<i*o. 0 

5 — 1 . OO nm/s, J; y L, < I* 0 . 100-0. 5 
OOnm/s-efe-5. J&ffiggfriif ^££j£K2J££-£ 
i:«oci4«BL<fty. y-\?fl\, - 

M<&y, aflBlzMdbfr'SCTL*}. 
[O 1 8 5] T i OxfccfctfZ r l* % #$S LfclSIf^:* 

tf«s±t*ftt s p z Ttt Ac* y a**i4fl>u, a 

•&-r*tl<«tt^. LfrU P b Olstj£§il±A<i6l*<D-e3fiJi£ 

mwmtn-nit. m&?*itfte<. *yjMSfti=ifit*w 

JH P b OlUfgiUfr & ©Itt^WffiJSl 

b (Ti+Zr) kO>m^-itP b/ (Ti+Zr) $ 
E[ Pb /(Ti+Zr)]^ U ^-«)t^^Be$4x-5^§iat*:5SM 
tfOPb <b (Ti+Zr) k<Dffi*l£P b/ (Ti+Z 
r) S F [pb/ (Ti+Zr) ] <t L-fct*. C4xP><Z)ll«A<. 
E [Pb/ (Ti+Zr)] / F [Pb/ (Ti+Zr)] = 1 • 5-3. 5. 
ff * L < I* 

E [Pb/ (Ti+Zr)] / F [Pb/ (Ti+Zr)] = 1 . 7-2. 5. 
J: y L < It 

E [Pb/ (Ti+Zr)]/ F [ Pb /(Ti+Zr)]= 1 • 9~2. 3 

SCirl-^CSo E [ Pb / (Ti+Zr)] / F [Pb/ (T i +Zr) ] * ?/ J x * 
iifl:Pb*+»l:fl«M-«ci:4«lii« 

y, it=©Pb/ (Ti+zr) a>tb**<«<«yr^ 
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E [Pb/ (T i +Zr) ] / F [Pb/ (T i+Zr) ] #T ^ £> .b > I=f> 
(DPb/ (Ti+Zr) <Z>tbi£ < U "T tTC, ^ 

P^X*^ hfflmfCftfflP b 'J -y^ffltfUigiU 

[O 1 8 6] ia±ltt^Lf=J:-5l=, PbOfccfctfTiO 

Ztl:J:y, P b(Djg;F£<DfclM5l£:* h4*c** h 'J 
© P Z T ig 0 B a *<« ffi± t g Bi^MtBEIt 5. C1<Z)^ 

[0 18 7] J$JgM»jb<1 Ocn.2ggJU±7?jb^li^ 

i!CD^(c75S'S:<«$&-r-5-i:lzJ:y, figMHH^Ja 
xmit%.fc&i&mZttZ>zktfx&Z>. ctticty. * 

a«<DlHl^»l* 1 Orpmfeli-efc^ChA^^LLV la] 
±1 2 Orpnvgfit&So 

[0188] 6i±, 8Pm#8M«>^j£;fraj<oPSBi£IB 

U— \f— T?ls— ?3 ^5£t£k'k0)ttWzjnl<> 

< t/m& *.wmxmz<Dizttt ji-cfc-So 

[0 18 9] Stale, C<Z>:£;£|c3SUTMB EgfSl 
^Tt, ±<^«(rLTgM<fc^Sjl£K£»£C.tj!)<-e 

[0 1 9 0] ia±T*l*PZ Tjlllg^fiSJifc-t&^lCOl^ 
tMLfc^ Z.<Dj5&lt. M15L.f=flfe(7>P b^3SP« 

x-ti^fli^jam^b^^. £fc. b i ^^b!fe*Mic 
tsfflr-^-s,, b i mmitwimmi-te^rij. n&'px 

T-fcof=A<. c^&iefc^TP bomnmi&B i 2 0 3 

(^•5. B i ^OTit-^t. B i A<i!^£*t < SEi^ttl: 

agnize y &£*u xh-rw mj ©sasssttswine 

B*<#ta*iSo 
[0191] *f!0^<D8I«itft:-C'l*, SisSWftjtliltf. 

xt. ^(Dm^^iy^xw-miz-n^tt^mx 

[0 1 9 2] 



[0 1 9 3] gjffifln 

&<bfc3S1±&K£j*fi*t!-3iil*SSa«i: Lt, 

(10 0) HiJSS.fcolc^liffLr^SWaLfc 
S i JMM9x/\— (ES2^>f) COTf 
X/\— Sffi$4 0%7 •y(bT> : E-'t7A7Xj#?Sl=* "J. 

[0 19 4] R^«l*3lci6M*^[eiete<fc^i)PSft«« 
£ffixfc*«*;u?-lc±iEiii&ll*«£@3£U S£ 
8*1 0-6Torr*^«i£SJt7K>^l-<fcyS^mLfc^ a 

«j5t^®*s i mm$m^x&mi-ztztb, *«£2 

OrpnTTJHSES-tK Km*S*B#3ai:/X;U^P,2 5cc 
/#<Dfl|-£-C*SA LOO, 6 0 0°C(=J)P5^Lfco Cftlc 
£y*«SiS*<8&BHb;**u *«*ffil-J»$$?I1 nmfl)S 

[0 19 5] Jfc^T:. ££$9 0 O-ClriQgfeL. 
-fei-fc. ls]S£$fcl*2 Orprnt Lfc. Cffltt. J X)\,frh 

IZ r S^3S^P>^f6$1±, Z r 0 2 <D|gJ*lc&ir L 
X 5nmfEf«.J:5lrtt$&L. 1 x 1 <&S®1ti££ 3 
S i IfflBISS^ifc. 

[0 19 6] $tafC. S«iSffi$9 0 0°C. *ffi!s]$E» 
£2 0rpm£U ^ X^^bitltfXS 2 5cc/»<DflJ 

&f*ALfctt®-c, s i a®«ia»«affi(-^sz r 

&&Mmfrh>&m?ZZklZ&V. JlSl OrmfflZrO 
2 K£ff2/i£L.fc. 

[0 1 9 7] Jfcl^T!.. Z r 0 2 fll£}&J?£LfcSt6£^^ 
StE^L-T, B a T i 0 3 M*^Lfco ^SStRI*. 
9 0 OtJdJmi&U 2 OrpnTCHlgSl+fco ;r<D<b£. 
V XjUfr 2 5cc/^<DtU^T?^AL, Sffi 

l=J:y. BaT i 0 3 m^fS.Ltzo fiEK*!J«lcl*. T 
i /-£lt$T i O 2 K<DJ?£l-&gLT0. 5nmtJEE5<fc 
JJ?t^. j£jjg)&££0. 0 5nm/stL,TB 
a T i 0 3 M<DJ5*l=gS^LT2nm^JS4J:5(3T i 33 
^Ba^U ?fel^t?. f&m&m&O. 2nm/slZ± 
If, 1 5nm(0BaT i O^k L. Si (100)/Zr02(00 

1 ) (1 Onm) /BaT i 0 3 (001 )lf$^>t ;Htig«: *f^M L 

[oi98] c<Dxe$i^'>-v;u«jti*S^* 
Sfiirbt, SRO»I^ULfc. St*=MI~l^ * 
-f. S«*9 5 0°ClC»DflftL. 2 Orpmt?lHie*-t±fco 
fit. K^^P,^***X*2 5cc/»«)»J^-C^A 
U a^ilcs r 33*l/R u $*:*l : eti<Dm§£mfrZ>M 
S6*-yr-5C tl-«fc y, J**1 O Onm<DS ROjtK^fl^fiE 
Lfc„ ^3S^t><D«if&l*. S r : R u <D*Jl,lttf 1 : 

i. i 5 kuz&oizftmLtstfti'it-otz. -r/«tt>*>. 

E(Sr/Ru) = 0. 8 7 
k Ufco 

[0 19 9] ±iaSROaiM<D3ifflfiE (H^J±) £5i#X 
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F (Sr/Ru) = O . 9 3 5 

[0200] ±msRomm(oxm\B\«T^^— h£EI 1 

OIZ. RHEEDIJSSS^, Hi 1 (^"To -COS R 
0®]gT?l4 (OOL) jR»<Dfcf— <7t£l-ttfWlbh>tl* £ 

fc, sro (002) &.m<Dnv*r>7t>— :?a>3Mtt*I 
i4i. 2° »-Kra^ottate<&KiMB-ca&* 

C #fc 0 RHEEDl:«kiSi8I© 

HSr/<* — >I4* SitXK'J-^tftS/W-Vt* 
y, ca)S±icx h y — xt 9 $ 

[0 20 1 ] ±ISSROSia<X>Sta#$?*ai]^Lfr^m. 

4. 08x1 0"4Q • c mtfco/io Sfc. ±IBS RO 
»jg<D6 0 O c C(CfcMt4Brta>*^3e**a*Lfct Z 

5. 0. 3 96 6nmt f fcof; 0 

[0 2 0 2] -tlBSRO^ICOlNTA FMJll>tS 
®tt*lfil-<tro EHd. ^{DSROIISI^AFMS 
£5F-fo JIS B 0610fr«££ + £¥*Dfi£Rz 
L : 5 000nm) Lfc £ C ¥£)T?4nnk 

t?6nnu ^/JN-C?2nnu SMSffiJJM) 8 O %&L±V 5 nmislT 

fc\ Jt«0)fc»f3 % F( Sr /Ru)* < 0. 900-efeSSR 
OflHB0>AFIVMft*Bl3lC % F(Sr/Ru)^1- 2 3 5 
$>*SRO?iflICDAFM«^gl5[C^"r o HeiC^X 
— ;Kzfi*"5l^TH 3 ~H 5 &kk§st'i~Z)£ * Sr/Ru 

#0. 9 3 5<Dk£lZ % mmtfk^tbw-miztjLzz.t 

[0 2 0 3] ±|BSROaHBI*»rtL/=Xtr^^ 

ZT^IfU PZT«Mlfc. *(*MlCl*. £ 
■T. Sffi£6 0 O^fCjng&U 2 0rpmT![l]*K*1*fco 
fLT, ECRi»b7V*^ii^^1 Occ/ 
»fl)S]§l?iAL, Ste±l:PbO, TiO x (x = 

1. 6 7) fci^Z r Jf^lf ^Ml^blSSt 

sctfc^y. hi 3iz^-rj»£o>pzTKs»jaL 

fco 3K9SS^6a)ttf&(4. PbO : Z r : T i O x (D=E 
;Ht#2 : 0. 6:0. 4 <h cfc 5 IC*IJ» L£A< £fir 

E[Pb/(Ti+Zr)] = 2. 0 

[0204] copzTio«fit cn^it) zmrnxm 

affile* y«-<fc 4:-*. 
Pb/(Ti+2r) =1. 0 0. 
Z r /T i = 1 . 5 0 3 

-efcofco -(7>*aifi-ei4 

F[p b /(Ti+Zr)]=1 • 0 O 
E [Pb/ (T i+Zr) ] / F [Pb/ (T i+Zr) ] = 2 . 0 0 
[0 2 0 5] C0)ttJ3ca>P Z T/*;U£#(D6 0 0°ClCfc 



(a F ) »40. 40 90nmt?fcy. — 
P Z TM<7>TIC#^E-r^S ROft®0)6 0 O^fcfclf^ 
te^SSS (a S ) (4±teLfcJ: : 5^0. 3 96 6nmft© 
■e. mflE L/c 

1 < aF/as^ 1 . O 4 

£«SLTl^C£lC#£ 0 RHEEDfccfc^XSlElBT 

<D$gm. S«±(c^j?ELfc»iBa)*r^rA< (ooi) s 

PZT (0 0 2) JS^OP — ^(D^fiSiffi(4 

i. 2° -efey. K«attoo«-c**cfc3W«B-c* 

fco Hi 2IZ % 1 0 OnmOPZTfiSSIStf-fcxtf* 

*S/^;HIUft#a)X«HSr^^— h^^-To (2 0 0) 

[0 2 0 6] fl^jSL^^PZTMl^OLXT. XISIIIStIC 
33 (t 5 (OOI) ffiJRltfr & c WCDft^R (cSFel 
PH) £5fctf>*:o H1 3(z. PZTlOl^i: cBRIRI£ 
(OMte&TK-t* Hi 3IZI4. *S*MDPZT<DHfHPI* 
-Tftt)*). COPZTl^P-ffl^PZT/^ttO) 
HOPS (0. 406 3nm) i>7jkLX$>Z> 0 

[0207] @1 3^b, PZ TK<Z>c$Sl4, JIS 3 0 
nnu 50nnu 1 0 O nm<Z>t"^T(Cfc^T P Z T /^U<7 *t 

*y*#tfrisy* tt*isifc»i^#tf*« 

[0 2 0 8] CHbO)SI(CO^t A FM^ffl^tSI 
tt*H-<* $ t>ICJIS B 0610|Zj:^)+^[^l5jffi* R z 

(Sffi^L: 50 0 0nm) Wi'Jffi Lfc t d 5, 
5nnu *XT*7rmu 2 nnu SJSttBM) 8 O %£Lt 

[0209] ccOct a(z lt^^+l^S-x t°^^v^;u 

*36*a>PZTB*ei^ mm3kt*JV?^Z>4-7£t 
£ffll^"CH:g5 O jum<Z)A I WS£fl2i£U SRO^Ijg 

»«*»l3eLfc. PZT|g(DJl£*<1 OOnm 

r*fcs«ig<*-ei4Sie»^<i s /ic/crf-cay. 

5 Onm<t>ttf>"CI4 2 O uC/cm^ 3 0 nm<D t <0t:l4 

2 4 //C/cm 2 T?$>ofc 0 

[0 2 10] w(DSSm^t>. PZTM^<ft^(5^fi6 
[0211] glSgfflj2 

fSfi^Lt, 3iR«i*»»"Tf**PZT*"«*U P 
ZTJi^^^Lfco m»M(Zl4. Sfi*6O0 o C 
«ctt»L. 2 0rpmT:[E]|E£i±*=o fit, ECR®* 
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Sffi±l- PbO, TiO x (x=1. 67) ticfctfZ r 

0nm<7>P Z TUfc .fctfJS* 1 0 Onm<D P Z TM&M&l L 
fco ftXafrfe P b O : Z r : T i Oxtf)^ 

;i4fcA<2 : 0. 2 5:0. 7 5 i: fcSJ: -5 l=»J^ L^A* 

E[Pb/(Ti+Zr)] = 2. 0 

[0 2 12] C©PZTl©«^ (H^fc) £!*;fcX&i 

Pb/ (T i +Z r) =1. OO, 
Z r /T i =0. 3 3 0 

F[Pb/(Ti+Zr)]=1 ■ OO 

E [Pb/ (T i +Zr) ] / F [Pb/ (T i +Zr) ] = 2 . OO 

[0 2 1 3] COjflfiEOPZ T/<;U-9ttO)6 O 0°C(Cfc 
It-Ste^St (a F ) (*0. 40 1 8nmt?fcy, —73, 
PZTKa>TI=S«-r-5SROjllM«J6 OOtJl-fcMt-S 
t&T-^Sfc (a S ) (*-ttaLfcJ:-5l-0. 3 9 6 6 nm£<7> 
■C. BtTELfc 
1<ap/as^1. 04 

SjSSLTt^SctlrJS-S. RHEEDfc<fctfX«aie]Sr 

roiSSS. (i oo) iBiS!®i*&ai-e#-r. 3tm±iz»m 
LfcjtK^-r^T^ (oo i ) iEifi]<Ditr$*->-wng 

T?fc^.Ci:7b<fiiS3F^fco fcfc\ PZT (0 0 2) &.M 
<Dny*r>71j — ^CD^fiS"®!*, 1. 2" Ufcy, 
fttt(DK^fc-5Ci:A<ltg-C$fc. Ell 4lc. J5£ 1 O 
Onm©PZTK*iSltfcxe^^r>>A'-;U«ljS<*(=*JI+« 
PZ T (O O 2) $£^<DX$g|H8T^-V— h** - *". (2 

oo) EGiBte&ai K>-< >*f£CTi*<i:i»c 

[0 2 1 4] M&LLtz&PZ TISCIOUT. X^HSflC 
felt* (00 1) ffiS^&c|i<Ot&^» (cffilH 
Rl) £3fcat>fc. PZTH©cili, 3 OnmCDtOT? 

1*0. 4 1 40nm, I* 1 O Oran©t©t'l*0. 413 
8nm-C3oofc. C^lb©PZTltiaffl^fcoT, 
Si*<DPZT<Z>cSJFBl|!a, -ffcfr*., PS§j?l(»/<;u^tt: 
<Dc®Fb1R5I*0. 4 1 3 4 nnfCfc *t<0 P Z 

Tit-t c wa< p z t /^u?*t<fc y # ircas y , 

&IS*<iS < k' c W*<#i;^MlB]l-fc-5) Ct*^^ 

[021 5] zti&<»jtMi-^(.^r a FM$ffli>raa 

H^IH^, $ t)ICJIS B 0610(Cj;S + ^^JSj|i^ R z 
(Sffi^L : 5000nm) Lfc <fc d ¥$"1? 

5nnu fi*T:7nnu ft/hi? 2 nnu ;l'JS®R>f«> 8 O %lil± 



[0 2 16] C(DJ:5l=Lr#t>4xfc ! &xe^^rv-v i 'U 

pztk«bi^ mm&t v v<r 5? <t—&t 
^ & _ K*Ay ai l, v— V* 7— la^^fflt^Tgie 
•cfc-SSi^r-i^s^MA^ejt/c/cmZ-cfcy, j»£ 

[02i7] zommfrz, p zt mi>m< kz> iz 
mmiz p z Tmiz%m£*iz>-$z™&mfci3*<mx u 

[0 2 18] ±iB#HJSeiJT*f^MLfcl««i£tt: 
[O 2 1 9] 

[suBcDjam] *$eeB-ei*. s i **J:i= jsn-c. 
miz¥fttjim&m<»mmtfii¥it$>&?izm&-&z>t>\ & 

■SIM*. li(£&&S.*-<©#fii ZHlz^iJ. 

hv-r>«&££*>fci* (oo i ) m-iBisi 

[0220] *§£w<Dmmmm*. ^mM^mmw 
mma&tezmmrzztiz&v. ^mse®.**'). m 
n^-b>-y-, jfe^iss. %7.^v^. oeic, ^.mm 
frtj:i:izm.m-T&z.ktf-e£&o mfmi sm& 

&m-tZ>7-\~M*&3£l$.* AFMSfl)7"P- 
[022 1] *HB^(0^iS^lot. aStS^^allSt^lC 

gttfcit^^satt^M^s i &&±izmf$.njmk Ltz 

s i S«Jilc. ±!Biftft!ft# B l1±SIK*5«fci;±IB5SgSS 
[H®<Dffi*«:SiBH] 

[gll] SiRVtt: (PbT i 03) stlK©-^5£JE*i: 

i ft»m t <d mm $*-r v=y i x- & s „ 
[12] (a) , (b) *5«fcy: (c) i*, m&m&mk 
*o>± iz mm * txt=. x if ^ ^ v -v )mm t <j> m 
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[03] *tffi£^0Mft/B^mT*fcoT. SROSIM 
<DJgl*J£S r /R u [F( Sr /Ru)3 tSROmmomW 

&t<DM&&iji?m*mjim®im (afm) 
[14] mm&ttmmttm^m:&^r. srosi 

(D^itSr/Ru CF(Sr/Ru)] ^SROlSOiS 

te£0>S&£^-rAFM«-efc3o 

<Z>J!TJ±S r /R u [F( Sr /Ru)] ^SROli^(D^® 

tt t <d m % £ -f a f m & -e fe * o 
[06] »n*^rBffittfl35Jt-cfco-t\ 03-05 

C^tA F M«(CfcMf^ S ROjtM^®a>®«^^-rX 
[07] *JB8H(-»t^r. j»«a)»«lcffll\6*L*3i» 

[08] «JMKfit&{ftttd*l«S rtRuO)Iftt [E 
(Sr/Ru)3 »J**:K*SRO?»M<DJg?-JtS r /R 
u. CF(Sr/Ru)3 ^(Dli^^^-ry^^-Cfc^o 

[0 9] (a) 1*1 x 1 a)gIfSO)RHEED/^- 
>*^-T^SElt?fcy. (b)tt2x.1 % 1X2$>§^ 
l£ C fa £> A*3!?E Ltl N §i|BCDR H E ED/^ — 

■r««B-c*«. 

[0 1 0] Si (100)/Zr0 2 (00l) (l0nm)/BaTi0 3 (001) (I5n 
m)/SRO(100nm)1iig(DX^[53ST^-V— ht*5o 

tun i] «a«**«-rBffittJH^K-cfcoT. sid 



00)/Zr02(001) 00nm)/BaTi 03(001) (15nm)*git-tf^fl2j£ 
LfcS R OfI(0R H E E D/^->f*So M^&O 
A»*IrH** Si [110] ^fR]T?fe^ 0 

[01 2] Si (100) /Zr02 (001) (10nm)/BaTi 03(001 ) (15n 
m) /SR0 (1 OOnm) /PZT (1 OOnm) m&0> X « El #r V — h fc 

[013] Si (100) /Zr02 (001) (l0nm)/BaTi 03(001 ) (I5n 
m)/SR0(00D (lOOnm)SS-t(C^Lfc P Z TMl^Ot^ 

[014] Si (100)/Zr0 2 (001) (10nm)/BaTi0 3 (001) (15n 
m) /SR0 (1 OOnm) /PZT (1 OOnm) m&<D X JIBSt^ V-htfc 

So 

1 gs*ga 

1 a ks* 

2 s« 

3 
4 

5 ^ — £ 

6 t — £ 

7 Mit&uxmi&mm 
9 m 1 

1 O m2^SB 
1 1 



[01 ] 



[07] 




-6 -2 0 
-frTt&J) (GPa) 



1 

/ 



—5 



I&4 3 




9 10 
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[02] 



[B8] 



(a) 



MS 



(c) 



rrvTV 



ncr 




H3] 



10 M m 




" r (Sr/Ru) = 0-900 



CD 

m 

I 
i 

8 

3 
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[04] 

BIB ft JS 7 A 




10 U m 




^Sr/Ru) =0-935 



00 

m 



[05] 

iwftiaw 



10 M m 




m 



5 



F (Sr/Ru) ' 1 235 
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[06] 




nm 



[09] 
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II O] 



SRO(OOl) 



BaTiOaCOOD 



Si 



SRO<002) 



BaT10»(002) 




15. 00 



30. 00 



40. 00 50. 00 60. 00 

20<de&) Cuka 



9. 00 



[Ell 1 1 
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II 2] 



15 



PZTCO01) 



SROC001) 



pzr(0O2) 



30 



ZK>»<002) 



7 



SRO(002) 



L 



AO 50 

20(degJ .CuKff 



60 



J 

69 



II 3] 



0.420 



0.415 - 



0.410 



IB 
o 



0.405 - 



0.400, 




100 



PZTjKJKFCnm) 
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[HI 4] 



PZTCD02) 




2 0<degO CuKa 



(51) Int. CI. 6 MMHC# F I 

H O 1 L 21/8242 HO 1 L 27/10 6 5 1 

27/14 27/14 Z 

21/8247 K 

29/788 29/78 3 7 1 

29/792 41/08 L 

37/02 Q 

41/09 V 
41/083 



